Purpose: Traumatic bowel and mesenteric injury (TBMI), although an uncommon entity, can be lethal if not detected and treated in a timely manner. The purpose of our study was to evaluate the diagnostic accuracy of 64-slice multidetector computed tomography (MDCT) for the detection of TBMI in patients at our level 1 trauma centre. Methods: We used our hospital's trauma registry to identify patients with a diagnosis of TBMI from January 1, 2006, to June 30, 2013. Only patients who had a 64-slice MDCT scan at presentation and subsequently underwent laparotomy or laparoscopy were included in the study cohort. Using the surgical findings as the gold standard, the accuracy of prospective radiology reports was analyzed. Results: Of the 4781 trauma patients who presented to our institution, 44 (0.92%) had surgically proven TBMI. Twenty-two of 44 were excluded as they did not have MDCT before surgery. The study cohort consisted of 14 males and 8 females with a median age of 41.5 years and a median injury severity score of 27. In total 17 of 22 had blunt trauma and 5 of 22 had penetrating injury. A correct preoperative imaging diagnosis of TBMI was made in 14 of 22 of patients. The overall sensitivity of the radiology reports was 63.6% (95% confidence interval [CI]: 41%-82%), specificity was 79.6% (95% CI: 67%-89%), PPV was 53.9% (95% CI: 33%-73%), and the NPV was 85.5% (95% CI: 73%-94%). Accuracy was calculated at 75.3%. However, only 59% (10 of 17) of patients with blunt injury had a correct preoperative diagnosis. Review of the findings demonstrated that majority of patients with missed blunt TBMI (5 of 7) demonstrated only indirect signs of injury. Conclusion: The detection of TBMI in trauma patients on 64-slice MDCT can be improved, especially in patients presenting with blunt injury. Missed cases in this population occurred because the possibility of TBMI was not considered despite the presence of indirect imaging signs. The prospective diagnosis of TBMI remains challenging despite advances in CT technology and widespread use of 64-slice MDCT.
R esum e Objet : Bien que rares, les l esions traumatiques de l'intestin et du m esent ere (LTIM) peuvent s'av erer mortelles si elles ne sont pas d etect ees et trait ees a temps. La pr esente etude visait a evaluer l'exactitude du diagnostic obtenu par tomodensitom etrie multibarrettes (TDM 64 barrettes) chez les patients pr esentant des LTIM a notre centre de traumatologie de niveau 1. Traumatic bowel and mesenteric injuries (TBMI) are uncommon injuries with an incidence approaching 1% in recent series [1e5] . Despite this, their clinical significance cannot be underestimated. Delays in diagnosis of only 8 hours or less are associated with increased morbidity and mortality predominantly related to sepsis [6, 7] . There is also a strong association between delayed diagnosis and significantly prolonged hospitalization [1] . Increased use of computed tomography (CT) in the trauma population has resulted in a trend towards conservative management of trauma patients [8] . To this end, an awareness of the signs and pitfalls of CT diagnosis of these injuries is of increasing importance.
Physical examination in trauma patients is often limited and unreliable due to significant neurologic comorbidities and medications that mask pain [9] . In setting of loss of consciousness or head injury, physical exam only 16% reliable in detecting abdominal injury [9] . This clinical challenge has seen CT evolve into a critical diagnostic tool. Unfortunately, the imaging diagnosis of TBMI often relies on being vigilant in identifying the indirect signs as there are only a few direct signs that can be identified on CT [8e10]. For bowel injuries, direct signs include the presence of bowel wall discontinuity, extraluminal gas, and extraluminal contrast material [10e12]. Indirect signs of bowel injuries are more common and include the presence of free fluid, bowel wall thickening, and differential bowel wall enhancement [13, 14] . Direct signs of mesenteric injuries include vascular beading, abruptly terminated vessels and contrast extravasation [15] . Indirect signs of mesenteric injuries include hematoma formation (sentinel clot), mesenteric infiltration, and secondary changes in the accompanying bowel [8e15].
A wide of range of sensitivities and specificities have been reported for CT in diagnosing TBMI, between 80%-95% and 48%-99%, respectively [16e19]. False negatives may occur when nonspecific findings such as free fluid are seen and suspicion for TBMI is not raised by the reporting radiologist [20] . False positives may occur in the setting of shock bowel, benign etiologies of pneumoperitoneum (barotrauma, massive pneumothorax, rupture of bladder with indwelling Foley catheter), and pseudopneumoperitoneum (gas confined to the inner layer of abdominal wall and parietal peritoneum) [9] .
The purpose of our study was to evaluate the diagnostic accuracy of 64-slice multidetector CT (MDCT) in the detection of TBMI at our level 1 trauma centre, using surgical findings as the gold standard.
Methods

Subjects
Research ethics board approval was obtained from our institution. We conducted a retrospective search of our level 1 trauma centre registry for patients with a diagnosis of TBMI for the period spanning January 1, 2006, to June 30, 2013. Inclusion criteria were for blunt or penetrating trauma referred to our trauma service, an on-site preoperative 64slice MDCT and subsequent laparoscopy or laparotomy. Exclusion criteria were an outside CT examination and surgery prior to imaging.
A control cohort was obtained from the trauma registry for all patients who presented to the trauma service during the same period who were imaged with MDCT and subsequently underwent laparoscopy or laparotomy that did not document evidence of TBMI.
Injury severity scores (ISS90) for each patient were obtained from the trauma registry. Hospital chart reviews were performed for each patient to obtain additional information, including: age, gender, mechanism of injury, and location of injuries. Based on the provided history, the injuries were classified as blunt or penetrating. Gunshot wounds and stabbing were classified as penetrating injuries. Blunt mechanisms most commonly included motor vehicle collisions, falls from height, crush injuries, and pedestrians struck by vehicles.
Imaging
All CT examinations were performed according to the departmental protocol using a 64-slice MDCT scanner. Intravenous contrast was administered to each patient (125 mL of Omnipaque 300; GE Healthcare, Mississauga, ON) at a rate of 3.5 mL/s. Volumetric imaging was obtained from the thoracic inlet to the upper abdomen in the arterial phase using bolus tracking which triggered at 120 HU in ascending aorta. Volumetric imaging was then continued in the portal venous phase from the base of the thorax to the proximal femora, 65-70 seconds postinjection at a pitch of 0.7 Kv, and rotation times were 120 and 0.5, with use of automatic exposure control mA. Collimation was 64 by 0.625 mm that was reconstructed to 3 mm axial slices. Subsequently, 3 mm coronal and sagittal multiplanar reconstructions were performed for all examinations.
The final radiology reports were reviewed to identify whether a prospective diagnosis of TBMI was made. A report was considered positive if TBMI was either suggested or identified. A report was considered negative if TBMI was specifically excluded or not mentioned.
All images were reviewed by a fellowship trained body imaging radiologist and a third-year radiology resident. Both reviewers were aware of the operative findings and type of traumatic injury. The goal of the review was to identify imaging findings in the missed cases that could have been detected. In the retrospective review process, the presence or absence of direct and indirect imaging signs were recorded. For bowel injuries, signs included the following: wall discontinuity, extraluminal contrast, extraluminal air, wall thickening, differential bowel wall enhancement, or fluid, air, or stranding in the mesentery. For mesenteric injuries, signs included the following: contrast extravasation, vascular beading, abrupt termination of vessels, infiltration of mesenteric fat, hematoma, bowel thickening, or abnormal enhancement.
Statistical Analysis
Using laparotomy or laparoscopy findings as the gold standard, the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of the CT scans was determined. Confidence intervals for the PPV and NPV were calculated using the Wilson interval [21] . Statistical analysis was performed using SPSS Statistics 17.0 (SPSS Inc., Chicago, IL, USA).
Results
Subjects
Of the 4781 trauma patients who presented to our institution, 44 (0.92%) had surgically proven TBMI. There were 22 patients who did not match inclusion criteria, typically because of lack of on-site preoperative CT scan and surgery prior to imaging. This left a cohort of 22 patients in our study.
The 22 patients who met the inclusion criteria included 14 males (63.6%) and 8 females (36.4%). Median patient age was 41.5 years (range: 18-65 years). The median ISS90 was 27 (range: 17-50). The mechanism of trauma was blunt force in 17 of 22 cases (77%) and penetrating injury in 5 of 22 cases (23%).
A control cohort was formed by 64 of the 4781 patients who had a CT scan at arrival and subsequently underwent a laparoscopy or laparotomy that did not document a TBMI. These 64 patients consisted of 18 females (28%) and 46 males (72%). They had a median age of 44 years (range: 18-95 years) and had a median ISS90 of 29 (range: 1-59). Eight patients (12%) had penetrating injuries, whereas the remaining had blunt injuries.
There was no statistically significant difference between groups with regard to sex, age, mechanism of injury, or ISS90 score. Patient characteristics are summarized in Table 1 .
Diagnostic Accuracy
The sensitivity of the prospective assessment for TBMI as documented by radiology reports was 63.6% (95% confidence interval [CI]: 41%-82%) and the specificity was 79.6% (95% CI: 67%-89%). The PPV was 53.9% (95% CI: 33%-73%), and the NPV was 85.5% (95% CI: 73%-94%). Accuracy was calculated at 75.3%. A statistically significant difference in sensitivities was present depending of the mechanism of the trauma. For blunt trauma, the sensitivity was only 58.8%, whereas for penetrating trauma the sensitivity was 80% (P ¼ .016). All estimates of diagnostic accuracy are summarized in Table 2 .
With respect to the detection of TBMI, our retrospective assessment identified 13 (59%) studies that showed a combination of fluid, air, or stranding in the mesentery; 10 (45%) with intraperitoneal free air; 9 (41%) with bowel wall thickening; 6 (27%) with abnormal bowel wall enhancement; and 3 (14%) with mesenteric hematoma.
There were 8 of 22 cases of TBMI that were not detected prospectively. Upon retrospective review, all 8 cases had signs of TBMI that were not described at initial reporting. These signs predominantly included 5 (63%) cases with nonspecific mesenteric changes such as fluid and fat stranding. Additional signs seen in the missed cases include 2 cases (25%) with bowel wall thickening, 2 cases (25%) with abnormal bowel wall enhancement (Figure 1 ), 1 (13%) case with abrupt termination of a mesenteric vessel (Figure 2 ), 1 case (13%) with intra-abdominal free air, 1 case (13%) with focal bowel wall defect (Figure 3 ), and 1 case (13%) with active mesenteric extravasation (Figure 4) .
Trauma cases at our institution are reported by group of 8 fellowship-trained radiologists with range of experience from 2-33 years.
Discussion
Using surgical findings as the gold standard, the incidence of TBMI in our cohort was 0.92%. This finding is similar to what has been previously reported in the literature [8, 17, 18] . Blunt trauma was more common than penetrating injuries in our study population, owing to the high incidence of patients with motor vehicle collisions seen in our centre. Our calculated sensitivity value of 63.6% is lower than previously reported ranges of 80%-95% for sensitivity in the literature [16e19]. This finding is attributed to how we defined TBMI including all types of surgically proven TBMI in our study, even if they may not have been surgically significant. This includes serosal tears, small mesenteric hematomas, and small bowel wall hematomas [22] . The subtle or absent CT findings associated with these injuries makes their detection difficult [22] . Including these cases explains why the sensitivity in our study is lower than the estimate quoted in the literature.
In our study, the sensitivity of detecting TBMI in the blunt trauma population was significantly lower that the sensitivity of detection of penetrating TBMI e 58.8% vs. 80%, respectively (P ¼ .016). Of the missed cases in our series, only 1 of 8 was in a patient with penetrating trauma. This is similar to a previous series that did not identify TBMI in 4 of 35 patients with penetrating trauma, due to subtle or absent CT findings [23] . We propose that the statistically significant difference in detection of TBMI based on mechanism is likely attributed to increased concern by the reading radiologist based on mechanism of injury provided at the time of referral. Although the trajectory of the penetrating injury is likely to heighten concern for injury based on anatomic location, many of the imaging signs remain nonspecific. For example, the presence of pneumoperitoneum in penetrating bowel injury is less specific for TBMI since air can be introduced simply by means of peritoneal violation [24] .
The observation that 7 of 8 patients with missed TBMI had a blunt mechanism of trauma suggests that this remains an area of difficulty for radiologists. In 3 of the 8 missed cases, the operating room notes showed findings of serosal tears or small mural hematomas that are typically managed nonoperatively [22] . In the other 5 cases, surgically important findings were missed, including transmural tears, large mesenteric lacerations and vascular injuries. These findings suggest it would be prudent to have a heightened concern for TBMI in patients with blunt mechanisms of trauma. In 1 patient with devitalized small bowel, a mesenteric vascular injury is most conspicuous on the coronal reformats ( Figure 2 ).
There are a number of direct and indirect signs of TBMI identified in the literature. In our study, the most common sign of TBMI was mesenteric infiltration, seen in 86% of cases, compared with 68% in a larger series [25] . The incidence of bowel wall thickening was 54% that is similar to the 60% incidence reported in previous studies [25, 26] . Findings specific to TBMI, which are described as being less commonly encountered in the literature, were also infrequently seen in our study [12] . The 8 missed cases had mostly indirect signs of TBMI with 3 of the cases showing additional specific signs.
Being familiar with the most sensitive and specific signs of TBMI is important, but it is crucial to remember that most cases will only have subtle and indirect signs. There are several potential limitations to our study design. First, it was a retrospective review completed a single institution with a small sample size due to the relatively low incidence of TBMI. Second, by using operative findings as the gold standard, those patients with TBMI that were missed by CT may never have gone to the operating room and the sensitivity of CT in diagnosing these injuries may be overestimated. Thirdly, there is potential for bias because the reviewers were not blinded to the operative findings prior to image interpretation.
In summary, our study reinforces the challenge of diagnosing TBMI and emphasizes the reliance on many indirect imaging signs. Although the reported sensitivity and specificity is lower than previously published series, we have included all forms of TBMI, including those that may not necessarily warrant surgical exploration. We have demonstrated that these cases show nonspecific and indirect imaging abnormalities. This serves as an important reminder to radiologists that nonspecific CT signs may reflect underlying TBMI and in the appropriate clinical setting may warrant further imaging with a follow-up CT scan. 
